This paper considers the EBONI (Electronic Books ON-screen Interface) Project's research into the importance of the user when designing electronic textbooks [1]. The results of the Visual Book (Landoni, 1997) and the WEB Book (Wilson, 1999) experiments, which explored design aspects of ebooks and provide a backdrop to EBONI's research, are presented. EBONI's methodology and evaluations, involving over 200 students, lecturers and researchers in UK Higher Education, are described, and the findings discussed. It is proposed that, while aspects of paper books such as tables of contents, indexes and typography should be retained, books delivered electronically should also adapt to fit the new medium through use of hypertext, search engines and multimedia. In terms of the design of ebook hardware, issues such as size and weight, display technology and functionality are of primary importance to users. These findings have been presented to creators of educational digital content in the form of a set of Electronic Textbook Design Guidelines [2].
Introduction
The recent trend among publishers of digitising new titles and making them available electronically, reflects a general enthusiasm about the possibilities presented by ebooks: they are dynamic, interactive, can be updated quickly and, with the growth of the Internet, are accessible any time from anywhere. At the same time, authors and publishers are expressing concern over distribution and economic models for their digitised texts (Midgley, 2002) , and there is a fear among some readers that electronic books may eventually supplant paper books. Combined with the perplexing array of tools and hardware available for reading ebooks, the current climate is one of confusion and uncertainty about the future of electronic texts (Lynch, 2001 ).
At such a time, when the place of the book in the digital world is changing, it is important to involve users in the ebook production cha in and to respond to their needs, concerns and opinions. This paper emphasises the importance of placing the user at the centre of the design process, in order that commercial publishing developments are fully informed from a design, as well as a content and technology perspective, and are delivered to the end user in a form which maximises their usability. Requirements will vary for different types of book and between different groups of users, and so recommendations derived from a user-centred evaluatio n will often be specific to particular types of publication or reader. Novels, for example, are read sequentially, from the first page to the last, whereas encyclopaedias contain facts about many diverse subjects and are dipped in and out of in a non-line ar manner. Users of these books will inevitably have different needs and wants from electronic translations of these texts.
Here, the focus is on the requirements of textbook users. Electronic textbooks present great opportunities for universities but, if they are to find a place in UK Higher Education and be adopted successfully, it is essential that they are designed to meet the specific wants and needs of teachers and learners. Investigations by the EBONI (Electronic Books ON-screen Interface) Project into which design techniques produce the most usable electronic textbooks are outlined below.
Background: the Visual Book and the WEB Book experiments
The Visual Book experiment (Landoni, 1997) explored the importance of the visual component of the book metaphor for the production of more effective electronic books. The idea behind the research was that, because books are the traditional repositories for information and people know how to read them, how to use a table of contents, an index, etc., maintaining the same model on screen will facilitate people's access to electronic information. The experiment compared a textbook in paper and electronic formats, and found that the book metaphor plays an important role in the definition of guidelines for the design of electronic books. These should consider that an electronic book has to resemble, be consistent with, and work according to some or all aspects of the book metaphor with no ambiguities, conflicts, inconsistencies or confusion.
While the Visual Book project discovered that the application of the book metaphor is effective in the design of visual aspects of ebooks, the WEB Book experiment explored whether the usability of electronic texts can be increased further by altering the presentation of the content to suit the new medium (Landoni et al, 2000) . Morkes and Nielsen's guidelines for increasing "scannability" (Morkes and Nielsen, 1997) were applied to the electronic version of a scientific textbook, and users were asked to compare the scannable version against the original. Results showed that the scannable version was 92% more usable.
EBONI (Electronic Books ON-screen Interface) built on the work of the Visual Book and the WEB Book experiments by investigating, in detail, the importance of considering the user when designing electronic books. The primary aim of the project was to compile a set of best practice guidelines for the publication of electronic textbooks, reflecting the usability requirements of the UK Higher Education community ). This was achieved via extensive evaluations involving over 200 students, lecturers and researchers from a range of disciplines and backgrounds. A variety of styles and techniques used in the design of ebooks were compared, in order to discover the most effective way of representing educational material electronically.
Methodology for evaluating electronic textbooks
An early goal for EBONI was to develop a general methodology for its ebook evaluations which would provide cohesiveness to the project and enable the results of each experiment to be compared at some level ). This comprised a wide variety of techniques including "low cognitive skill" tasks set by lecturers to measure user understanding of concepts in the texts, and questionnaires designed to measure user satisfaction. By adopting these different techniques, the model aimed to measure usability, relevance and satisfaction comprehensively and at a variety of levels, incorporating traditional Information Retrieval concepts as well as lecturers' objectives. The methodology consisted of four phases:
Selection of material
In an ebook evaluation, texts may be selected for comparison according to format/appearance, content or medium. Possible comparisons include:
• The same text in electronic and paper media. For example, the evaluation of (McKnight et al, 1991 ) (see below) compared the same text in electronic and paper media.
Hypertext in Context
• Different electronic versions of the same text. For example, EBONI's study of a textbook in geography compared the same content presented in three different commercial formats.
• Different electronic texts exhibiting different styles/techniques, in the same discipline. EBONI's psychology experiment compared different content in different formats using the same medium.
• Different electronic texts exhibiting similar (or the same) styles/techniques, in different disciplines.
• The same electronic texts on different monitors or hardware devices.
Selection of actors
Evaluations vary in terms of the effort and skills required to set up an experiment. In general, though, four main roles, or possible actors, can be distinguished:
• The participants, who interact with the selected texts during a structured evaluation session and whose feedback forms the results of the experiment.
• The evaluator, who coordinates all aspects of the experiment, from the selection of the material and participants, to the design of the methodology and the selection of evaluation techniques and tasks.
• The task developer, who devises and sets tasks for the participant to carry out, using the selected texts.
• And the assessor who accumulates and interprets the evaluative data provided by the participants.
Selection of tasks
Tasks are a way of bringing together participants and the test material in a structured manner, and enable quantitative data about particular aspects of interacting with the electronic book to be gathered. Three types of task were used, intended to measure relevance and satisfaction at different levels:
• Scavenger hunts, which involve participants in hunting through the material selected for evaluation in search of specific facts (Spool et al, 1999 ).
• Memory tasks, which involved the participant reading a chapter or a chunk of text for a short period of time, learning as much as possible in preparation for a short exam (Morkes and Nielsen, 1997) . The data can be used to infer how the appearance of information on screen affects users' ability to remember that information.
• High cognitive skill tasks, which are intended to measure participants' ability to engage with the selected material in a manner which requires a higher degree of cognitive skill. These tasks should reflect the more complex uses to which Higher Education material is often put and measure the effectiveness of the electronic textbook in enabling participants to engage in processes involving skills appropriate to their Higher Education course.
Selection of evaluation techniques
Several procedures were used by EBONI for obtaining qualitative and quantitative feedback about the selected material:
• Subjective satisfaction questionnaires. Satisfaction can be measured after participants have used the test material and carried out any tasks which form part of the experiment. Indices such as quality, ease of use, likeability and user affect can be used (Morkes and Nielsen, 1997 ).
• Observation. This is appropriate to investigations which are particularly concerned with HCI issues, and can be used in ebook evaluations to examine the interaction between users and the test material.
• The think-aloud technique (Jorgensen, 1990) . The think-aloud procedure involves the participant in thinking aloud to explain what he or she is doing at each stage of performing the tasks, and why, to an evaluator. This provides qualitative information about the participant's cognitive processes, explanations of how he or she is navigating the test material, and reasons for difficulties.
• Interviews. These are conducted on a one-to-one basis after any tasks have been performed. A "script" or set of questions is used, but the interviewer and respondent are free to follow leads (Russell, 2000) .
The tasks and evaluation techniques described above differ in terms of cost, level of sophistication, and the criteria they intend to measure or evaluate. Therefore, depending on the objectives of each ebook evaluation and the resources at its disposal, the implementation of different combinations of tasks and/or evaluation techniques is appropriate, and the total expense of each experiment varies across two dimensions:
• Task complexity, ranging from simple retrieval (scavenger hunt) tasks to more complex high cognitive skill tasks; and • Technique complexity, from inexpensive questionnaires to interviews requiring time and expertise.
Reductionist principles can be applied to the evaluation model so that very sophisticated experiments with unlimited resources which comprise many of the tasks and techniques described above, can be broken down to their constituent elements and "mapped" to simple, unsophisticated experiments employing only one task or technique. This enabled a range of experiments to be conducted based on the methodology, and for their results to be comparable for some level and fed seamlessly into the best practice guidelines.
EBONI's ebook evaluations
The following were among the evaluations which applied the methodology:
• An evaluation of three textbooks in psychology by second, third and fourth year psychology undergraduates. All three textbooks differ markedly in their appearance, and the study aimed to find which styles and techniques are most effective in enabling students to find the information they require, and to record students' subjective satisfaction with each book.
• An evaluation of Hypertext in Context by Cliff McKnight, Andrew Dillon and
John Richardson (McKnight et al, 1991) . This textbook was compared in three formats: print, the original electronic version on the Web, and a second electronic version revised according to John Morkes and Jakob Nielsen's guidelines for "scannability" (Morkes and Nielsen, 1997) . These guidelines were implemented in the WEB Book experiment (Wilson, 1999) , and were applied again here so that more detailed conclusions could be drawn.
• • A study into usability issues surrounding portable electronic books. Five devices were evaluated by lecturers and researchers at the University of Strathclyde with the aim of determining which physical design elements enhance and which detract from the experience of reading or consulting an electronic book. A survey of the use of e-resources in Higher Education was also carried out, in accordance with a core objective, to "identify and report on the individual requirements of academics in learning and teaching on the Web". The intention was to identify any differences in needs from, use of and attitudes to technology between lecturers in different academic disciplines, as well as between those teaching undergraduate, postgraduate and evening classes. The identification of such differences would inform EBONI's best practice guidelines for e-textbook design, in order that they reflect requirements at a more individual level. 101 lecturers from Glasgow's three universities (Strathclyde, Glasgow and Glasgow Caledonian) responded to this survey.
Design considerations

On-screen design
In the Visual Book and the WEB Book experiments (Landoni, 1997; Wilson, 1999) , two central themes emerged as fundamental to the usability of ebooks in terms of their on-screen design:
• The legacy of the paper book metaphor, and the wisdom of adhering to this, where appropriate, in the construction of the electronic book.
• The different set of requirements arising when the reader interacts with the new medium; in particular, the effectiveness of presenting material electronically in short, scannable chunks rather than a long, linear flow of text (Wilson and Landoni, 2002) . Both themes were reinforced by EBONI's evaluations.
That readers approach texts in electronic format with expectations inherited from their experience with paper books has been confirmed by EBONI's studies. As one reader noted after reading a text on a handheld device, "It didn't feel like I was reading a book. The fact that it was an electronic device rather than a traditional book with a cover and pages somehow seemed to me to take something away from the experience". Results of EBONI's evaluations highlighted the importance of several aspects of the book metaphor.
Firstly, the inclusion of a "cover" for each book adds to the enjoyment of the reading experience, reinforcing the user's perception that he is reading a unique set of pages which form a cohesive unit, and providing a point of recognition on return visits to the book. Likewise, an electronic book should contain only information which is book related, and not link to any external sources unless clearly labelled, as the result would be a heterogenous system which would confuse readers. When using a printed book, readers gain a sense of their progress by comparing the pages read against the thickness and weight of the pages still to be read. It is important to have the same "sense of place" in the electronic medium. Therefore, indications of a reader's progress through the book should be accurate and visible.
Tables of contents are an essential feature of both print and electronic publications, and are scanned by readers to gain an idea of the relevance of the material. They also provide the reader with a sense of structure, which can easily be lost in the electronic medium, and can be an important navigation tool where hypertext is used to link from the table of contents to individual chapters. Similarly, indexes should not simply be replaced by search facilities whose complexity makes the reading process more confusing for the user. By including hyperlinks from each indexed item to the relevant section in the book, it can become an important navigation tool, and should be made prominent.
The paper page should be used as a guide for the length of pages in an electronic book. Very long pages are difficult to scan, and scrolling up and down to refer to different sections of text can be frustrating. Likewise, very short pages with little content which require the reader always to be "turning" pages can also be annoying. Readers expect the typographical sophistication of the printed page, and pagination has to be designed carefully to enhance readability.
Readers would like images, diagrams and formulae to look as clear as they do on the printed page. Functions of the paper medium, such as the ability to bookmark and annotate, should also be provided in the electronic medium, and should be quick and easy to use.
In his Alertbox for July 26, 1998 Jakob Nielsen suggested that, in order to be a success, an electronic text should not simply mimic its paper counterpart (Nielsen, 1998) . He believes that the new medium inevitably involves the reader in a different way and that much more powerful user experiences can be achieved by deviating from a linear flow of text. In particular, increasing the "scannability" of a text through use of extra headings, large type, bold text, highlighted text, bulleted lists, graphics and captions, can have a direct influence on its usability.
This theory was applied in the WEB Book experiment, and again in EBONI's evaluations, with several more interface design considerations emerging.
Search tools can supplement tables of contents and indexes as another method of finding information in an electronic text. Readers expect an intelligent system which simulates and enhances the way they search in paper books.
Cross-referencing between the pages of a book, between the main text and footnotes, or between two or more books, is considered an important property of the printed medium. Readers strongly value the ability to achieve these cross-referencing tasks with the same simplicity and effectiveness in the electronic medium. Content clues, in the form of abstracts, keywords or tables of contents (linking to headings in the text) at the top of a page help readers to decide on the relevance of the contents of that page at a glance. Within each page, dividing text into short chunks, for example by interspersing with images and diagrams, and by using sub-headings and lists, improves the scannability of a page.
Careful use of a few colours throughout can create a consistent style and increase the likeability and attractiveness of the book. Use of too many colours, however, can be distracting, and plain backgrounds should be used. Pure white backgrounds can "dazzle" readers, causing eye-strain, and should be avoided. Multimedia and interactive elements can increase a reader's "sense of engagement" with the book, enhancing their ability to remember the information being conveyed.
Hardware design
During Summer 2001, the project also conducted research into the second factor affecting ebook usability: the hardware surrounding the text, which enables the user to interact with the book. Five portable devices were evaluated:
• A Hewlett-Packard Jornada [10] with Microsoft Reader [11] . The Jornada 548
by Hewlett-Packard is a Pocket PC with 32 MB RAM and a 133 MHz 32-bit processor, and costs around $500. It has a 2.9x2.1 inch high resolution, backlit colour screen and weighs 9oz. The battery life is around 8 hours.
In this experiment, titles were displayed using Microsoft Reader software. This attempts to recreate the look and feel of ink on paper through ClearType technology which claims to triple the resolution of text by smoothing the tiny spaces between the pixels on a computer screen. The layout of a text in Microsoft Reader is very clean and simple: only the text of the book is displayed, and no icons are visible on screen; functions like highlighting and annotating only become visible when the reader interacts with the book by clicking on the screen.
• Franklin's eBookMan [12] . The Franklin eBookMan 900 costs around $130, has a 240x200 pixel grayscale LCD screen, without backlighting, and weighs 7oz. The device takes 2 AAA batteries. Content is downloaded to a PC running the eBookMan Desktop Manager, and sent to the eBookMan via a serial or USB connection. In this experiment, Franklin Reader software was used for reading books.
• A Palm Vx [13] with Palm Reader [14] . The Palm Vx weighs 4oz and has 8MB RAM and a 3.8 inch grayscale, 160x160 resolution, backlit LCD screen. The rechargeable lithium ion battery lasts for weeks at a time. It costs around $210 to $230. Titles are ordered online, downloaded to a PC, then synchronised to the device using Palm Desktop organiser software. Palm Reader (formerly Peanut Reader), an ebook reader for Palm and Windows CE devices, was used. This offers bookmarking, annotating and search facilities.
• A SoftBook [15] . The SoftBook, by Softbook Press of Menlo Park, California, resembles a paper book most closely. It has a leather cover which, when opened, automatically starts up the book. It holds 250 books (100,000 pages), has a backlit, 85dpi 8x6 inch grayscale screen, weighs nearly 3 pounds and, when available, cost around $600. Its battery provides up to five hours of viewing, but it offers a fast recharge of an hour. The SoftBook is completely independent from the PC: content is downloaded directly to the reader via an internal modem which connects to the SoftBook network through a phone line.
The SoftBook uses an HTML-based proprietary format for displaying books.
Functions such as choosing a title, page turning, bookmarking, underlining and annotating can be performed using touch-screen technology.
• A Rocket eBook [16] . The Rocket eBook, by Nuvomedia, Inc. in Palo Alto, California, holds 10 books (4,000 pages of text), weighs one pound and, when available, cost around $270. It has a 4.5x3 inch, high resolution black and white screen, a number of font sizes can be selected, and it can be customised for left-or right-handed use. The battery lasts for about 20 hours when backlit, and 45 hours without being backlit. The Rocket comes with a PalmPilot-like cradle that connects to a serial port; titles are ordered online, downloaded to a PC and finally transferred to the reader. Like the SoftBook, the Rocket uses a proprietary ebook reader format (Wilson, 2001 ).
Participants were recruited voluntarily via an email sent to staff discussion lists for the Centre for Digital Library Research and the Department of Computer and Information Sciences at the University of Strathclyde. Over a period of three months, each interested respondent was lent one device with a book of his or her choice downloaded to it, for approximately 7 to 14 days. Participants were provided with verbal instructions on how to perform basic functions with the ebook hardware, such as switching it on, turning pages of the book, and recharging the battery. They were then given the device for the designated period, to use at their leisure. At the end of the loan period, participants completed an online questionnaire asking about their experience of reading a book on the device, and to rate specific aspects of reading the electronic book. Feedback from participants fell into four broad categories:
1. Build of the physical object 2. Display technology 3. Functionalities offered by the reader software 4. The reader software's presentation of book content Each of these areas is considered, in relation to the five devices, below.
Build of the physical object
Size and weight provoked the greatest number of comments, with users preferring small, slim, lightweight devices such as the eBookMan, the Jornada and especially the Palm. The SoftBook received the largest number of negative remarks in this area, particularly with regard to weight, and Rocket users also found their device too heavy. However, note that size of the device is related to screen size, and that requirements may be in conflict (see below).
It follows that the larger devices were also uncomfortable to hold, while the smaller, lighter devices, especially the Jornada, received positive feedback in this area. However, while users disliked the design of the Rocket, the SoftBook, with its leather cover, was considered visually appealing. Participants also liked the design of the Palm.
All the devices, except for the eBookMan which has rubber edges and a plastic flip cover, were criticised for being too fragile and thereby restricting usage. Generally, users disliked using styli to control the ebooks, finding them awkward to handle, and worrying about losing them. The Jornada's "wheel" for turning pages was liked by all its users (although the equivalent control on the eBookMan turned pages too slowly), with several commenting that they felt they could read faster using this method of page turning:
"In turning a paper page you lose momentum, albeit for a second or two. I didn't find this at all with the e-book."
The SoftBook's and the Rocket's simple "page forward", "page back" buttons were felt to be intuitive, but the Palm's buttons were too small and fiddly.
Overall, the Jornada received the most positive feedback in this category, closely followed by the Palm and the eBookMan. The largest and heaviest of the devices, the SoftBook, received the most negative feedback, while the Rocket was also felt to be too cumbersome: "The device itself was quite bulky and heavy. Some effort had obviously been put into the ergonomics of the device, but it just didn't feel right. I found myself constantly shifting it from hand to hand".
Display technology
The Palm, while praised for its size and weight, was heavily criticised for the size of its screen and the fact that this restricted the amount of text displayed in any one "page", meaning that users had to turn pages very frequently ("Pages are too smallalways turning the damn page!"). The larger devices, the SoftBook and the Rocket, received positive remarks about their screen size, while the Jornada and the eBookMan's screen size (larger than the Palm, smaller than the Softbook and Rocket) was not commented on.
The only device to receive positive feedback about the quality of its display was the Jornada which has a high resolution colour screen and exploits ClearType technology which claims to triple the resolution of text by smoothing the tiny spaces between the pixels on a computer screen. The SoftBook was criticised most for its screen quality, one user complaining that "it was slightly hard on the eyes after an hour of reading", closely followed by the eBookMan and the Palm. Backlighting was felt to be an important feature; the eBookMan 900 was the only device used in the experiment which does not have this capability, although other eBookMan models do.
Overall, the Jornada was felt to have the best display, with the Rocket and the SoftBook successful in terms of the size of their displays. The Palm received the greatest number of negative remarks in this category.
Functionalities
Fuctionalities of the reader software such as searching, bookmarking and annotating were generally appreciated by participants, although it was frequently commented that these features were awkward, difficult or time-consuming to use. As one eBookMan user noted, "The search facility was useful for flicking back through the story, although it took a couple of attempts before I understood how to use it". The ability to search across all texts held on one device was suggested as a useful feature. Use of hypertext to link from the contents page to individual chapters, and from one chapter to another, was felt to be essential in an era where people are familiar with using the Web. The integration of dictionaries and thesauri was also felt to be important, particularly in situations where devices are being used for studying.
Overall, the Rocket, the SoftBook and the eBookMan were felt to have the best and easiest to use functions.
Presentation of book content
Participants' comments about the reader software's presentation of book content reinforced the results of EBONI's other evaluations.
The Jornada, using Microsoft Reader, and the SoftBook presented book content in the most satisfactory way, according to the participants, both using typographically sophisticated pages and navigation systems that are simple and intuitive. The Palm Vx using Palm Reader and the Rocket were criticised most heavily for their unsophisticated typography, awkward navigation, and lack of "sense of place"; the eBookMan was also criticised for the latter, as well as for its use of unintelligible icons.
Overall, the Jornada with Microsoft Reader was found to be most satisfactory, proving incorrect the main hypothesis, that "users of the hardware device which adheres most closely to the paper book metaphor will report highest subjective satisfaction".
In summary, this feedback points towards several elements as worthy of attention when designing for usability:
• Display technology should be high resolution, with high contrast and minimal glare. Backlighting can increase portability, in that it enables text to be read in poor lighting conditions. • Finding the optimum size of ebook hardware is a question of balancing weight, portability and ergonomics against legibility and quantity of text on screen.
• Ebook hardware should be designed for comfort, and the ability to hold a device easily in one hand is considered an advantage. The necessity to use a stylus should be kept to a minimum, and buttons should be large.
• The number and diversity of situations in which ebooks can be read can be constrained when devices are delicate, fragile or costly.
• Careful design of buttons or dials for turning pages can improve this aspect of the paper book metaphor, leading to a smoother, faster transition from one page to the next.
• Devices should contain thesauri and dictionaries.
Conclusions
EBONI's purpose was to define heuristic rules for the design of electronic textbooks which enable students and academics to use them effectively. To achieve this, several experiments were conducted, involving the end-users in the evaluation process. The result was a set of Electronic Textbook Design Guidelines which advise on interface design issues, such as use of tables of contents, indexes, colour, images, hypertext, search tools and typographical aspects, and are a valuable resource for all developers of digital content, including lecturers, writers, information professionals and digitisation projects. They address a comprehensive range of design issues, including:
• On-screen appearance considerations, in terms of adhering to the paper book metaphor, such as, o Tables of contents and indexes should be retained. o An electronic book should only contain information which is bookrelated, and not links to external sources. o Indications of a reader's progress through the book should be visible. o Inclusion of a "cover" enhances the reading experience. o Page length shuld be similar to that of a printed book. o High quality images and diagrams are expected by readers. o Bookmarking and annotating facilities are appreciated.
• On-screen appearance considerations, in terms of scannability, such as, The author believes that following these guidelines will produce e-textbooks which meet the needs of today's students in UK Higher Education. However, students' requirements will inevitably change over time, as familiarity with new technologies increases and new metaphors begin to influence their expectations. For this reason, it is important to continue to observe and record readers' interactions with ebooks in a controlled environment, so that the Electronic Textbook Design Guidelines continue to respond to current needs, expectations and demands.
